Abstract: Recent modifications to the Fleurs digital receiver enable the additional correlations between the six 13.7 m dishes to be measured. Previously, only those correlations formed between the four east-west 13.7 m dishes and the thirty-two 5.7 m dishes were measured. This enables the production of three type of maps; each with full 20 arc second resolution but with properties which suit differing astronomical applications.
Introduction
The present Fleurs Synthesis Telescope is now operating with its new digital receiver. This receiver simultaneously measures 143 separate correlations. An earlier paper by Jones et al. (1984) described the hardware of this receiver as well as its initial operation when it measured 128 correlations.
The 128 correlations described previously are formed by combining the signal from each of the thirty-two 5.7 m eastwest dishes with the signal from each of the four 13.7 m eastwest dishes (XI, X2, X3 and X4) . These 128 correlations are called 'East-west' correlations. The layout of the antennas used to form the east-west correlations is depicted in Figure 1(a) .
The receiver has recently been upgraded to measure an additional 15 correlations. These correlations are obtained by forming all possible correlations between the six 13.7 m dishes (XI, X2, X3, X4, Yl and Y2) . These extra 15 correlations are called the 'Six-dish' correlations. For these correlations the antenna layout is shown in Figure 1(b) .
The east-west and six-dish correlations can be used seperately or together to produce maps. The three types of map that can be produced are: (a) east-west maps, produced using only the east-west correlations needed for mapping extended objects (b) six-dish maps, produced using only the 15 six-dish correlations and principally useful for compact objects, and (c) full array maps, the combination of (a) and (b) which
give the best results for many simple fields. Each configuration yields similar sensitivity and the full 20 arc second resolution.
The recent addition of computer pointing control for the 13.7 m dishes has made observating in its simplest form (using the six-dish array only) a fully automated procedure. The more complex configurations using the thirty-two 5.7 m dishes require active attendance throughout much of the eight hour observation to maintain the pointing of the smaller antennas.
The observer can be saved considerable effort if the east-west correlations are not needed to map a particular field. To allow the observer to choose which correlations are needed, the two types of correlations are described and examples of maps made using the three configurations are given.
Apart from the requirements for observing efficiency and convenience both observing and mapping using the three configurations requires attention to a number of factors if the aims of the observation are to be achieved. These factors include: the need for good UV coverage, the selection of a field of view for observing and source dependent factors such as the extent of the source, possible interfering sources and associated processing considerations. The effects of these on the maps of a variety of radio objects are demonstrated.
The Two Types of Correlations
There is no difficulty in making maps from the combined eastwest and six-dish correlations if most of the measured flux is in the centre of the field of vew. However, if this is not the case, it may be more satisfactory to use just the east-west or the sixdish correlations. The choice of correlations defines three mapping procedures. To choose the best procedure for a particular application it is necessary to understand the basic properties that belong to each type of correlation.
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UV coverage
The UV coverage for the two types of correlations is shown in Fig. 2 . The coverage for six-dish correlations is sparse but reasonably evenly distributed. The inclusion of the N-S baselines extends the range of good UV coverage, and hence resolution, to low declinations. However the sparseness of the UV coverage means that only fairly compact objects can be mapped. In contrast, the east-west correlations are closely spaced, but leave gaps in the UV data. Thus the east-west correlations are needed to map extended objects. '
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Antenna pattern
The different UV coverages provided by the two types of correlations give antenna patterns with rather different characteristics. Examples are shown in Fig. 3 , for a declination of -30 degrees with a weighting composed of a 1/R weighting together with a Gaussian taper that falls to 0.25 at the maxium spacing.
The main features to be seen in the east-west antenna pattern are the negative sidelobes on either side of the main lobe and the radial ridges. These features are mainly due to the incomplete
Field of view
As the east-west correlations include the 5.7 rri dishes rather than a pair of 13.7 m dishes, their field of view is much broader than that of the six-dish correlations. This is illustrated in Fig. 4 which shows the result of a drift scan through the source 0410-75. The half power width for the east-west correlations is 1.6 degrees and for the six-dish correlations it is 1.1 degrees. hour angle coverage. Because of their irregularity the six-dish correlations give rise to an antenna pattern with much more extensive sidelobes but the better UV coverage near the V axis results in a lower peak negative sidelobe and no distinct radial features. i, . < 
Relative signal to noise
As described by Jones et al. (1984) the 13.7 m telescopes have an antenna temperature of 300 K and for the 5.7 m telescopes it is 100 K. Thus if the telescopes were used as total power receivers the 13.7 m telescopes would have signal to noise ratio that is better than a 5.7 m telescopes by a factor of (13.7/5.7) 2 300/100 = 4.2 2 Thus the correlations between two 13.7 m telescopes (six-dish) have signal-to-noise ratio that is 4.2 times better than a correlation between a 13.7 m and 5.7 m telescope (east-west).
For best noise performance the six-dish correlations must be given a weighting of 4.2 compared to the E-W correlations (assuming compact sources). Although the east-west correlations are noisier, their greater number means that an east-west map has a similar noise level to a six-dish map. The noise level in a map decreases as one 3 mJy/beam(rms) and in practice the limit is found to be on the square root of correlations. Thus the relative reduction 4.5 mJy/beam(rms) [Jones et al. 1984] . This gives a practical in noise level in a map with 128 correlations compared to one limit for the six-dish correlations of 3 mJy/beam(rms) and for with 15 is the full E-W System the limit is 2.5 mJy/beam(rms).
V(128/15) = 2.9 3. Mapping 3.1 E-W mapping The theoretical limiting noise in an E-W map is Using just the E-W array provides the largest field of view and a good U-V plane coverage allows extended objects to be less computer time and they also give greatly increased sensitivity mapped. An example of such a field is shown in Fig. 5 . This for the detection of extended objects because the noise from field was originally observed to obtain a high resolution map the longer baseline correlations is not added to the map. Note of G311.5-0.3. The field also includes a number of other sources that for unresolved objects the converse is true: sensitivity located up to 0.8 degrees from the field centre. Note that increases with the number of spacings used, processing large maps such as the one shown in 6, remapped using only the first 16 spacings. In this low Maps of a lower resolution can also be made by using the resolution map the minimum detectable (3o) brightness shorter baseline east-west correlations. Such maps require much temperature for the extended objects, is 0.45 K instead of the Fig. 18 ] maps for the same part of the galactic plane. The resolution of these earlier maps is approximately that for the Fleurs map with lowered resolution shown in Fig. 6 . Both the 408 MHz and 5 GHz maps were made by scanning the area to be observed with pencil beam telescopes.
Six-dish mapping
The intrinsic high resolution of the FST makes it ideal for mapping compact sources and astrometry. For such sources, mapping which just the six-dish correlations provides an efficient way of gathering the data: for in some cases these observations can be carried out without the attendance of the observer. Example maps of sources made with just the six-dish array are shown in Fig. 7 , and for comparison the same sources have been mapped using all the correlations. There is no significant difference between the two results; thus the extra effort used in observing with the full array was not justified in these cases. The smaller field of view obtaining for the six-dish correlations is not a problem for compact objects; in fact some benefit is gained through discrimination against nearby strong sources using the smaller field.
Sidelobe structure presents the greatest problem when processing six-dish data and this is further compounded by the square law phase terms [Frater 1978] that are normally associated with maps made from correlations that have a significant north-south component.
If there are strong interfering sources away from the field centre then the map can only be properly processed by removing the interfering source from the UV data and then remapping with the new data. This is performed by carrying out a conventional CLEAN on the interfering source and then using the CLEAN components so generated to perform a subraction from the UV data. The field is then remapped using the new data set. As an example direct CLEANing of a six-dish map that has two point sources, one at the field centre and one 0.5 degrees away, gives the map shown in Fig 8a. Subtraction of components of the second source from the UV data gives, when remapped and CLEANed, the map shown in Fig. 8b . It is seen that the second map does not show any of the low level sidelobe structure seen in the first map after a direct CLEAN; the second source has been eliminated properly. If required the components defining the second source can be restored to the CLEANed map so as to give a correct map for the full field. Bracewell (1983) has shown that the effect of having correlations that lie on a cone rather than a plane is to distort the map grid. Each correlation that includes one of the two dishes that lie to the north will have a distortion of this type when mapped. Thus using normal mapping techniques gives a map with incorrect source positions. This position error is proportional to the square of the distance from the field centre. The Fleurs mapping procedures now compensate for this distortion so yielding maps with accurate source positions over the full field. With the compensation, the accuracy with which source positions can be measured shows no detectable difference between sources near the field centre and those near the field edge. The results of some preliminary astrometrical measurements are given in Table 1 as examples of this.
The ability to accurately measure positions over the full field comes at the expense of a distortion of the antenna pattern associated with sources in different parts of the map [Bracewell 1983] . However the distortion is small near the field centre so that fields with significant flux only near the field centre present no extra processing difficulties.
Combined data
To achieve the best sensitivity both types of correlations must be combined when mapping a field. Fig. 9 shows an example of a weak source mapped with both. Fortunately, there are no strong sources in this field of view. If there are strong sources far from the field centre then, in addition to the problem Since the primary beam of the 5.7 m dishes is broader than that of the 13.7 m dishes, sources away from the field centre yield calibrated six-dish correlations that are smaller in magnitude than calibrated east-west correlations (this is demonstrated in the drift scans through the source 0410-75, Figure 4 ). Maps made using both types of correlations have an antenna pattern which changes with distance from the field centre. At each point the true antenna pattern is a linear combination of a six-dish and east-west antenna pattern, but the proportion of each varies (the significance of the east-west antenna pattern increases for points further from the field centre). Thus CLEANing a source away from the field centre reduces the east-west contribution but effectively adds a negative six-dish component centred on the source.
One solution to this problem involves creating a UV data set whose field centre is centred on the strong source and then making separate small maps of it with the E-W and six-dish data. These two maps are then separately CLEANed and the resulting components removed from the appropriate correlations. All the correlations can then be used to make a map which has the interfering source removed.
Conclusion
Currently, the Fleurs Synthesis Telescope includes an array with a maximum baseline of 1.6 km, computer controlled 13.7 m dishes and a flexible digital receiver. The receiver generates two types of correlations. One type, which is very easily measured, is suitable for compact sources and astrometry. The other type, which can be measured simultaneously with some extra effort, is suitable for extended sources and wide field mapping. Together the two types provide the best results for mapping weak sources. 
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Introduction
At the ASA meeting last year in Coonabarabran Dr Bob Frater, Chief of the Division of Radiophysics, and Director of the Australia Telescope project, summarized the status of the AT at that time. He mentioned that the project was formally approved at all levels and that work in all areas was under way. Since then there has been considerable progress. Construction of the AT commenced officially on 27 September 1984 with a ceremony at Culgoora attended by the Minister for Science and Technology. A contract for the fabrication of 6000 VLSI chips for use in the AT correlator has been let to AUSTEK. The contract for the civil works required at Culgoora was awarded to Roberts Construction in March 1985, and tenders for the construction of seven new 22-m antennas are currently being evaluated. The AT has been officially endorsed as a Bicentennial Project, and the project is currently on schedule.
As many of you are aware, Professor Alec Little was active in many areas of the Australia Telescope project. It was with great sadness that we received news of Alec's death. His presence on the Australia Telescope Advisory Committee, his role as Senior Engineering Consultant, and his invaluable advice on problems involving synthesis telescopes has been of great value in getting the project where it is today.
At present there are about 70 people employed by the AT project. This year marks the peak of the manpower curve for the project, with 38 new staff currently employed. This number must be reduced to 28 by the completion of the project in 1988. In a move towards transferring technology from CSIRO into the public sector the project manager, John Brooks, is pursuing a policy of mainly temporary appointments. In this way valuable experience will be gained by about 15 young scientists and engineers in association with the AT project.
The Australia Telescope
Before I bring you up to date with the current status of the project I will briefly review the design of the instrument as it stands at present and discuss some of its important scientific capabilities.
The AT is composed of two parts-the compact array (CA) and the long base line array (LBA). The CA is a 6-km east-west grating array of six movable 22-m antennas located at Culgoora, on the site of the (now retired) Culgoora radioheliograph. Provision for the future addition of a north-south section has been included in the design. The LBA is formed from the CA in conjunction with another new 22-m antenna located on Siding Spring mountain, plus the existing 64-m antenna at Parkes. The maximum baseline of this system is about 320 km. By including other existing or planned radio telescopes the maximum baseline of the LBA is essentially unrestricted.
For commissioning in 1988, the arrays will operate at L-band (1.25-1.75 GHz), S-band (2.2-2.5 GHz), C-band (4.4-6.1 GHz) and X-band (8.0-9.2 GHz). The 22-m antennas will operate over their full diameter up to 44 GHz, and receivers for K-band (20.0 to 25.5 GHz) and Q-band (42.0 to 50.0 GHz) will be developed later on. The inner 11 m of the dish surface will operate efficiently up to 115 GHz. Eventually, receivers will be built to cover the important molecular lines around 90 GHz and the CO lines near 115 GHz. It is also planned to provide feeds and receivers at one or more frequencies below 1 GHz, and to implement simultaneous observation at S and X bands using dichroic reflectors.
Compact Array
The r.f. system for the compact array is designed to be extremely broadband. Each feed will operate over a full octave bandwidth, allowing simultaneous observation at L and S, or C and X bands, and eventually K/Q and W/F bands. The feeds and receivers are mounted on a rotating turret, allowing any of the available dual-band feeds to be brought on-axis. The r.f. signal is first amplified in a low-noise amplifier (LNA) and then converted to an i.f. frequency around 160 MHz. The i.f. system is designed to provide 40 dB of image rejection. Much work is being done to extend the bandwidth of the LNAs in order to enable a tuning range of about 30% at all bands. The LNAs will use GaAsFETs cooled to 20 K. The system temperatures are expected to be between 20 and 40 K.
Four i.f. outputs are provided for each antenna. The i.f. signals are band-limited to 160 MHz, digitized, and transmitted to the central site along optical fibres. Each antenna station is provided with its own optical fibre cable in order to avoid the use of many connections between the antenna and the central site. At the central site the i.f. signals are fed into the backend, where they
